This study was conducted to assess the effect of dietary inclusions of Lactobacillus plantarum (L. plantarum) and Psidium guajava (P. guajava) diets on the growth performance of Clarias gariepinus (C. gariepinus). Seven treatments were administered to 420 C. gariepinus juveniles. They were: Control (Basal diet of 42% crude protein), L. plantarum (LPc) (cell/1000 mL) at 40, 60, 80 and P. guajava leaf meal (PGLM) (g/1000g) at 40, 60 and 80 per kg of feed. Body Weight Gain (BWG) (g), Specific Growth Rate (SGR) (g/day), Feed Conversion Ratio (FCR), Survival Rate (SR) (%), Protein Efficiency Ratio (PER) and Nitrogen Metabolism (NM) were evaluated. Data was analyzed using descriptive statistics and ANOVA at p<0.05. From the results, 40LPc had the highest body weight gain (73.52±2.30) g and Specific Growth Rate (SGR) (1.19±0.02) g/day, while 80 PGLM had the least body weight gain (46.10±0.12) g and SGR (0.99±0.00) g/day. No significant difference (p>0.05) was observed in feed conversion ratio across all treatments. There was no significant difference (p>0.05) observed in the survival rate between control (93.80±4.98)% and 80 PGLM (96.77±4.09)%. No significance difference (p>0.05) was observed in protein efficiency ratio between control (1.01±0.36) and 60 PGLM (0.95±0.36). There was no significant difference (p>0.05) observed in nitrogen metabolism across all treatment groups. Hence, the inclusion level of 40 cells/1000 mL of L. plantarum fortified diet in cultured juvenile C. gariepinus was observed to have a better growth enhancing performance and nutrient utilization than P. guajava leaf meal at 40g/1000g. 
Introduction
Aquaculture is recognized for its rapid growth in the food producing sector globally (Hassan and Ngaski, 2007) . The growth of aqua-farming has led to high stock densities of fish, which cause stressful conditions for fish, thus resulting in increased disease incidence and decreased fish productivity (Bondad et al., 2005) . Hence, functional feeds are vital in fish nutrition and management. Functional feeds help to reduce fish diseases, boost productivity and enhance profitability. High stocking densities have elicited antibiotic use as growth promoters and immunostimulants. However, restrictions have been imposed regarding the use of antibiotics in fish culturing as they [antibiotics] leave resistant and harmful residues in human and animal flesh (Sayed et al., 2011) .
In relation to this, research has been on-going on environmentally-friendly additives that have no residual effects on man and animals. It is worth noting that such additives contain substances that enhance fish growth and stimulate their immune system against diseases. Among the additives used are probiotics such as Lactobacilli and phytobiotics such as P. guajava. Lactobacilli are non-pathogenic facultative organisms that are employed as probiotics in aqua-farming. Lactic acid bacteria (LAB) produce bacteriocins and organic acids that aid in inhibiting the growth/replication of pathogens detrimental
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Lactobacillus plantarum and Psidium guajava Leaf Acta Vet Eurasia 2018; 44: 105-111 microorganisms (NRC, 2011) . These beneficial properties have made LAB more suitable than other microorganisms used as probiotics (Arimah and Ogunlowo, 2014) . Lactobacillus plantarum are probiotic bacteria derived from fermented cow milk known as 'wara' in Nigeria (Adegbehingbe, 2013) . Even though LAB are currently being used as probiotics, there has been limited information published on the use of LAB isolated from food sources in feed inclusion of African catfish.
To improve aquaculture, the use of natural compounds from plants is highly desired. According to Welker and Lim (2011) phytobiotics are substances derived from plants to enhance fish health and growth. They include P. guajava, Echinacea purpurea (Guz et et al., 2011) and Allium sativum (Shalaby et al., 2006) . However, there is on-going research into the use of P. guajava leaves as immunomodulators and phytoconstituents in aquaculture industry.
In Nigeria, African catfish (Clarias gariepinus) are widely cultured due to their hardiness to stress, high resistance to diseases, spawning ability, fast growth rate and acceptability to consumers' taste (Adewolu et al., 2008) .
This study focuses on the comparative evaluation of the efficacy of L. plantarum isolated from cow milk, and P. guajava leaves on the growth response and utilization of nutrients in C. gariepinus juveniles after an 84 day feeding trial.
Materials and Methods
Ethical statement
The experimental procedure followed the International ethical standard of animal use. The ethical report statement was issued by University of Ibadan in 2017 with an ethical statement number of 0028 (UI/ACUREC/App/2017/0028).
Experimental system and design
This study was carried out in the Department of Aquaculture and Fisheries Management wet Laboratory located in the Faculty of Agriculture and Forestry, University of Ibadan, Nigeria.
Experimental procedure
Four hundred and twenty C. gariepinus juveniles of the average live weight of 7.79±0.01g were purchased from a known breeding fish farm in Ibadan. They were individually transported inside a bag that was adequately filled with water and sufficiently aerated to the Department of Aquaculture and Fisheries Management Laboratory. Records of the average weights of the fish were taken prior to the experiment. Experimental fish were acclimatized for 14 days and fed with commercial feed. Afterwards, the feeding experiment was carried out for 84 days.
The fish were distributed equally into 7 experimental treatments, which were triplicated. Twenty African catfish juveniles were housed in rectangular fish holding facilities (Neoplastics, Lagos, Nigeria) with each individual facility having the dimensions 50x34x27cm and a 40 liter capacity. Twenty-one fish holding facilities were employed in the experiment with each treatment holding 60 juveniles of African catfish. The fish were weighed individually and collectively in each facility. Weighing was carried out fortnightly. The average weight of fish was determined by dividing the total weight of fish by the number of fish in each facility. Feed was administered to the fish twice daily at 8:00 AM and 6:00 PM (Greenwich Merridian Time-GMT) and was weighed at every feeding period. The fish were fed until satiation. Records of feed consumed and fish weights were kept to calculate feed conversion ratio and feed intake throughout the experiment.
This study followed a Completely Randomized Design (CRD) for 84 days. Water was obtained from the University of Ibadan water depot. Each holding facility was sufficiently oxygenated by using aerators (Cosmos aquarium air pump, double type 3500 50 Hz, 2.5-3 W) as described by Lashkar et al. (2011) . Water quality indices were monitored with the use of dissolved oxygen meters (Jenway 3015DO meter, 0.01 accuracy, Genway, Staffordshire, UK), mercury-in-glass thermometers (producer Paragon Scientific Ltd, Birkenhead, Wirral, UK) and pH meters (Jenway 3015pH meter, 0.01 accuracy, Genway, Staffordshire, UK). This was carried out after the standardization of each meter.
Procurement of probiotic candidates
Samples from fermented cow milk (wara) were collected and stored in ice according to Iranmanesh et al. (2014) . Homogenised samples of these products were diluted serially by using 10-fold serial dilution in peptone water (Rapids Lab, Essex, England). De Man, Rogosa and Sharpe (MRS) agar (Rapids Lab, Essex, England) and De Man, Rogosa and Sharpe (MRS) broth (Rapids Lab, Essex, England) were prepared and used for bacterial growth according to the manufacturer's recommendations. These were incubated under anaerobic conditions for 24-48 hours at 30°C. The pH of the media was regulated to 5.5 using 0.1 normal sodium hydroxide (N NaOH) and 0.1 normal hydrogen chloride (N HCl). Representative colonies on the MRS agar plates were selected and identification of LAB was presumptively carried out by physiological and biochemical tests.
Isolates were re-streaked out on MRS agar medium to collect a pure culture. The culture was maintained on MRS agar plates and in MRS broth and stored at 4°C. These cultures were reactivated on MRS agar for 24 h before experimental use (Mourad and Eddine, 2006; Todorov et al., 2011) .
Molecular characterisation
Extraction of Deoxyribonucleic acid (DNA) was carried out by employing the method outlined by Saraniya and Jeevaratnam (2012) . Polymerase Chain Reaction (PCR) was carried out with 10 µL of 5x GoTaq colorless reaction buffer, 3 µL of MgCl 2 , 1 µL of 10 mM of dNTPs mix, 1 µL of 10 pmol each 27F 5'-AGA GTT TGA TCM TGG CTC AG-3' and -1525R, 5'-AAGGAGGTGATCCAG-CC-3' Primers. PCR was carried out in a GeneAmp 9700 PCR Sys- Purification of amplified product PCR reagents were removed from the DNA extraction with the use of ethanol (Presco-Beam Roanke,Virginia, USA) to purify the amplified fragments. Seven point six microliters of sodium acetate 3M, 240 µL of 95% ethanol and 40 µL PCR amplified product were added to a clean 1.5 µL tube eppendorf. It was vortexed and kept at -20 o C for about 30 min. After this, it was centrifuged for 10 min at 13000xg and kept at 4 o C. This was followed by the removal of supernatant, washing of the pellet with 150 µL of 70% ethanol (Presco-Beam Roanke, Virginia, and USA). The mixture was centrifuged at 7500 g for 15 min and at 4 o C. The supernatant was removed and content was turnedover onto paper tissue and then dried in a fume hood at room temperature for 10-15 min. This was re-suspended in 20 µL of distilled water and kept at -20 o C before sequencing. The purified fragment, which was examined on a 1.5% Agarose gel and run at 110 V for about 1 h, confirmed the presence of the purified product (Hata et al., 2010) .
Sequencing
A Genetic Analyzer 3130xl sequencer (Applied Biosytems Life Technologies Corporation, Carlsbad, USA) was employed in sequencing the amplified fragments. The kit used was Big Dye terminator v3.1 cycle sequencing kit (Applied Biosystems Life Technologies Corporation, Carlsbad, USA). All genetic analyses were carried out using Bio-Edit software and MEGA 6 (Tom hall, North Carolina State University, USA) (Hata et al., 2010) .
Plant collection and identification
Guava leaves were purchased from a reputable botanical garden in Akure, Ondo State, Nigeria. These leaves were identified by the Forestry Herbarium of Forestry Research Institute of Nigeria (FRIN) with the identification number 110937 (Sang et al., 2011) .
Guava leaf preparation
Guava leaves of 1000 g were thoroughly washed with distilled water and air-dried for three weeks between 20-25 o C. Thereafter, these were ground finely using an electric grinder and kept in an air-tight jute bag until used (Sang et al., 2011) .
Diet preparation
Fish feed ingredients were obtained from a well-established fish farm in Ibadan, Nigeria. A basal diet of 42% crude protein was prepared by using Pearson Square Method. Guava leaves and single-cell protein of LAB were included in feed ingredients. These were mixed, ground and pelletized using water and a binding medium. A 2mm die was employed in a paste extrusion process, the paste formed was sun-dried and kept in a jute bag for later use. The feed ingredients used for the experiment included: soybean meal, groundnut cake, fishmeal, wheat meal, yellow maize, palm oil, common salt, and a vitamins and minerals premix. There were 7 experimental diets prepared including a control diet. L. plantarum and guava leaf meal were added as feed additives at various concentrations as stated below according to Ajani et al., (2011) 
Feeding experiment
The feeding trial was conducted for 84 days in a semi-static environment. Fish were fed to satiation two times a day (8:00 am and 6:00 PM GMT). Left-over feed was removed from each facility and the polluted water was replaced with clean water. Water quality indices monitored included dissolved oxygen, pH, and temperature of each aquarium biweekly. Body lengths and weights of the fish were recorded fortnightly as the growth the fish increased.
Biological evaluation
Below are the growth indices taken during the experiment according to Hassan and Ngaski (2007) .
Mean weight gain (MWG): MWG= (W2-W1) g
Where W1= Initial mean weight (g) W2= Final mean weight (g) (Brown, 1957) Specific growth rate (SGR) 2018; 44: 105-111 Where W2=Final weight (g) at time T2 (end of experiment)
W1=Initial weight (g) at time T1 (Beginning of the experiment)
Loge=Natural Logarithm (Brown, 1957) Percentage weight gain (PWG)
PWG (%) = Mean weight gain x100 Final mean weight (Brown, 1957) Feed conversion ratio ( 
Analytical methods
Proximate analyses of fish carcasses and experimental diets were carried out in the Department of Animal Science of University of Ibadan, Nigeria using the methods outlined by the AOAC (1990).
Statistical analysis
Biological indices were subjected to One-way ANOVA using SPSS version 20.0. (International Business Machines, New York, USA). Duncan multiple range tests were used to assess the differences among individual means.
Results and Discussion
Percentage body constituents of C. gariepinus after the 84 days feeding trial Table 1 shows the total composition of the feed formulated. The results in Table 2 show the carcass composition of C. gariepinus fed experimental diets for 84 days. With the exception of the control, there was no significant difference (p>0.05) in the carcass crude protein content across all treatment groups. There was no significant difference (p>0.05) in carcass ash, carcass ether extract, carcass moisture content and carcass crude fiber content across all treatment groups. Control (17.78±0.12) and 80 PGLM (17.73±0.12) had the highest level of carcass nitrogen-free extract without any significant difference (p>0.05). Table 3 shows the growth performance and nutrients utilization of juvenile C. gariepinus fed L. plantarum and P. guajava leaf based diets for 84 days. Premix Composition: Vitamin A=20.500.00 IU, Vitamin B1=20,00.00 mg, Vitamin B2=15,000.00 mg, Vitamin B3=90.000.00 mg, Vitamin B4=4.000.00 mcg, Vitamin B5=40.00 mg, Vitamin B6=20.000.00 mg, Vitamin B=500.00 mcg, Vitamin B12=15.00 mcg, Vitamin C=350.000.00 mg, Vitamin D3=4.250.00.00 IU, Vitamin E=250.00000.00 IU, Vitamin K=8.000.00 mg, Copper Sulphate=4.000.00 mg, Inositol=50.000.00 mcg, Potassium Iodine=2.000.00 mg, Inositol=50.000.00 mg, Methionine=50.000.00 mg, Choline Chloride=600.000.00 mg, Ferrous Sulphate=40.000.00 mg, Manganese oxide=30.000.00 mg, Magnesium=60.000.00 mcg, Molybdenum=100.00 mg, Antioxidant=125.000.00 mg, Lysine=50.000.00 mg, Cobalt=750.00 mg, Sodium Selenite=200.00 mcg, Zinc oxide= 40.000.00 mg The low level of weight gain in 80 PGLM (80g/1000g) may have been due to the presence of anti-nutrient substances, which are present in plants such as saponins, tannins and anti-vitamins. They have been proven to disturb the gastro-intestinal-tract (GIT) of animals. These may negatively affect the feeding efficiency and the process of digestion in fish leading to low nutrient utilisation. This culminates to low feed intake which manifests in the slow growth response of fish (NRC, 2011) . Probiotics such as L. plantarum aid in improvement of digestion in animals which is stimulated by digestive enzyme production. Improvement of digestion could also be through other routes such as the gut environment of the fish. This invariably is transformed into improved growth performance in fish. Hence, a good feed conversion ratio is influenced by feed absorption and utilisation (Welker and Lim, 2011) .
Growth performance and nutrients utilization of juvenile C. gariepinus fed L. plantarum and P. guajava leaf based diets for 84 days
A confirmatory report in the study conducted by Lashkar et al. (2011) and Waché et al. (2006) revealed that live yeast addition into fish diet as a probiotic improved the growth performance and food efficiency ratio. This is in agreement with the result of this experiment, which showed a better weight gain in L. plantarum diet (40LPc) compared to P. guajava and the control diets. This may have been caused by the increased appetite of fish, which led to a better body composition of fish fed dietary L. plantarum compared to other additives. Contrary to the results of this study, Albuquerque et al. (2014) and Moura (2011) reported that there were no significant differences in the addition of dietary probiotics on the growth performances of Nile Tilapia fingerlings of GIFT strain. Reports from Nwanna et al. 
Conclusion
From the findings of this study, it can be deduced that the inclusion of 40 cells/1000 mL of L. plantarum in the diet of C. gariepinus resulted in enhanced growth when compared to those of P. guajava leaf diets.
Ethics Committee Approval: Ethics Committee Approval was received for this study from the ethics committee of University of Ibadan. This was issued in 2017 with ethical approval number 0028.
Peer-review: Externally peer-reviewed. 
